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Introduction {#sec005}
============

The United States invests billions of dollars in research annually \[[@pone.0214595.ref001]--[@pone.0214595.ref003]\]. An array of stakeholders have an interest in how this research is carried out \[[@pone.0214595.ref004]\]. Funding agencies and the public are primarily interested in advancing scientific knowledge and solving real-world problems. Institutions have an interest in attracting the highest caliber students and faculty to advance their missions, and a record of high achievement in research serves this end. Investigators are interested in research productivity, which allows them to secure additional resources to advance their research agendas. Junior researchers training with investigators want to learn the skills for success to advance their careers and research goals. Other researchers in the scientific community have an interest in the trustworthiness of research findings.

Addressing these stakeholder interests in the research enterprise requires attending to several dimensions of research ethics---or "doing good research in a good manner"---at the institutional level and within research labs and teams \[[@pone.0214595.ref004], [@pone.0214595.ref005]\]. In their labs, principal investigators (PIs) must foster research rigor and reproducibility, compliance with research rules and regulations, and effective workplace relationships. Increasingly, researchers are also called upon to ensure the social value of their research. These dimensions are important to justify the financial investment in research and the risks posed to animal and human subjects.

Long-standing scholarly study of science has presented key values and norms that guide the practice and ethics of research (e.g., accuracy, disinterestedness, honesty, trust, respect, and fairness) \[[@pone.0214595.ref006]\]. Other work suggests key characteristics of researchers (e.g., persistence and openness) \[[@pone.0214595.ref007], [@pone.0214595.ref008]\] and has elucidated situational influences (e.g., mentoring and competition) on scientific achievement \[[@pone.0214595.ref009]\]. It is in the day-to-day practice of science that individual characteristics, situational factors, and professional values operate to influence the behavior of researchers. However, recognition that the daily conduct of research often presents tensions between the ideals of science and actual practice \[[@pone.0214595.ref010], [@pone.0214595.ref011]\] has led, in part, to education in the responsible conduct of research as a key remedy to these issues \[[@pone.0214595.ref012]\]. However, reconciling these tensions and realizing optimal research practices also requires attention to the social and human dynamics within research labs.

Increasing attention to the interpersonal dynamics of effective research is reflected in the emergence of the "science of team science," examining how research groups effectively perform research and foster interpersonal dynamics that facilitate good science \[[@pone.0214595.ref013], [@pone.0214595.ref014]\]. Concurrently, concerns about reproducibility and transparency in science \[[@pone.0214595.ref015]\] and failures to establish healthy research work environments \[[@pone.0214595.ref016]--[@pone.0214595.ref018]\] reflect additional attention to "doing good research in a good manner." We contend that the decision-making and behavior of PIs, as the leaders of research teams, are at the heart of ensuring the best possible execution of science.

Thus, the purpose of this study was to identify the practices that "Research Exemplars"---PIs nominated by their colleagues as exemplary scientists and models of professionalism and integrity---employ to foster rigorous research and regulatory compliance within their teams. Our aim was to identify concrete approaches and strategies they employ to manage the responsible conduct of research in their groups. We apply a leadership and management framework to address our two primary research questions.

> **RQ1:** What routine practices and habits do research exemplars utilize within their research teams to foster rigor and reproducibility?
>
> **RQ2:** What routine practices and habits do research exemplars utilize within their research teams to foster research compliance?

Leadership and management are necessary when the efforts of people must be coordinated to achieve objectives \[[@pone.0214595.ref019]\]. When work is complex and innovative, and when it is high stakes, leadership is particularly critical to performance outcomes \[[@pone.0214595.ref020], [@pone.0214595.ref021]\]. Although these are central characteristics of the work of researchers, the role of PIs as leaders and managers in producing the highest quality research has received limited attention \[[@pone.0214595.ref022]\].

We define management and leadership in the following manner. Management focuses on *how* to do work; managers align processes and people so that work is consistent and efficient \[[@pone.0214595.ref023]\]. Leadership focuses on *what* to do and *why*; leaders articulate a vision and inspire people to work well together to do complex, innovative work \[[@pone.0214595.ref024]\]. In both roles, leaders and managers exercise influence; they influence people or work processes to achieve shared objectives \[[@pone.0214595.ref023]\]. An integrated model suggests the distinction between leadership and management roles is less important than achieving the right balance and enacting leadership behaviors and management structures that support efficiency and process reliability, human relations, innovation and adaptability \[[@pone.0214595.ref024]\].

The research setting may be one of the most complex domains in which to engage in leadership and management. PIs are often simultaneously required to control and monitor details to ensure accurate work, clarify rules to promote compliance with policies and standards, and emphasize hard work while striking a pace that balances speed and accuracy. They must also foster the engagement of staff and trainees, develop, motivate, and support personnel, and coordinate their team members' shared efforts. Furthermore, PIs must innovate and anticipate long-term scientific agendas and compete successfully for funding \[[@pone.0214595.ref025]\]. Thus, a PI must engage in a variety of complex, multi-faceted behaviors, and know how to adapt to the tensions inherent in their roles---e.g., the need for control but also creativity; the need for detailed oversight of projects but also staff engagement and autonomy; the need for accurate but also quick work. Effectively executing these demands as a PI requires a deep behavioral repertoire and the ability to execute behaviors at the right time and in the right fashion \[[@pone.0214595.ref025]\].

The managerial and leadership behaviors identified in empirical research generally fit into two key domains. Task-oriented behaviors focus on providing structure and direction, for example clarifying roles, setting objectives, planning work, and coordinating tasks \[[@pone.0214595.ref024]\]. Relationship-oriented behaviors focus on ensuring the welfare and engagement of personnel, for example providing support, showing appreciation, providing mentoring, sharing in decision-making, and encouraging teamwork \[[@pone.0214595.ref024], [@pone.0214595.ref026]\]. Other leadership behaviors include those required for innovation, adaptability, and change, such as identifying new opportunities, building relationships with potential collaborators, and anticipating how a proposal will be evaluated by key constituencies \[[@pone.0214595.ref027]\].

It was our aim to identify the different practices and habits engaged in by PIs to foster high-quality research. We anticipated managerial, "task-oriented" behaviors to be particularly important in the domains of research rigor and compliance, as they require attention to detail, accuracy, consistency, and careful coordination of work activities \[[@pone.0214595.ref028]--[@pone.0214595.ref030]\].

Methods {#sec006}
=======

Study design and participants {#sec007}
-----------------------------

We employed an open-ended, qualitative methodology because we aimed to identify and relay concrete strategies employed by investigators to lead responsible research. We used purposive sampling to identify researchers representing a range of scientific disciplines who were exemplary in their scientific achievements and reputations for professionalism and integrity. Colleagues of the researchers provided initial nominations and secondary endorsements of their professionalism and integrity. A panel reviewed the nominations, and our research team reviewed their feedback and all of the nominations to select finalists. We conducted in-depth, semi-structured interviews with the participants we collectively refer to as "Research Exemplars." The Washington University Institutional Review Board provided ethical approval for the study (IRB\# 201601121).

Nominations {#sec008}
-----------

We solicited nominations from the Carnegie-classified "highest" and "higher" research activity universities, accredited medical schools and schools of public health, and the National Institutes of Health (NIH) Intramural Research Program in the United States. We sent an initial email announcement and three reminder emails to nearly 1,500 academic deans, department chairs, and institutional research administrators (e.g., Vice Presidents for Research, Research Integrity Officers, Scientific Directors). We also emailed the PIs at institutions affiliated with the National Center for Advancing Translational Sciences' Clinical and Translational Science Awards program \[[@pone.0214595.ref031]\]. The announcements invited the recipients to make a nomination and to forward the call for nominations to their colleagues.

The announcement indicated we sought nominations of federally-funded researchers in any career stage who lead a research lab or team. We indicated that the nominees must meet two criteria: (1) perform high-quality, high-impact research in any scientific discipline, and (2) have an outstanding reputation for professionalism and integrity. The email provided a web-link to additional information about the project and a nomination form. We indicated we would invite finalists to participate in a 1-hour interview about the practices they employ to lead their teams, and we would send them a plaque and post their biography on the project website (<https://integrityprogram.org/exemplar-project/>).

The nomination form asked the nominators to describe the nominee's high-quality, high-impact federally-funded research program. Next, we asked for a specific description of how the nominee exemplified professionalism and integrity as a researcher. Finally, we asked the nominator to discuss how confident they were that their view was widely held by the researcher's colleagues.

We also asked nominators to submit the nominee's CV, and the contact information for three individuals who work closely with the researcher who we could contact for a secondary endorsement of the nominee. To obtain some verification that others held the same view of the nominee, we sent emails to the three individuals identified asking them to endorse the nominee if they agreed the researcher exemplified professionalism and integrity. The endorsers completed the two questions about how the researcher demonstrated professionalism and integrity and whether this view was widely held.

We asked the nominators and endorsers to characterize the nature and length of their relationship with the nominee. The nominators knew the nominees, on average, for 9.96 years (SD = 6.37) and 80% were institutional administrators, academic deans, or department chairpersons. Endorsers, on average, knew the nominees for 14.62 years (SD = 8.95) and 59% were faculty collaborators, and the remaining were department chairpersons, program directors, or trainees. We received 81 nominations, and 74 received at least one additional endorsement, qualifying them to move to the review panel. Before panel review, we emailed the nominees to confirm their interest in participating in the project if selected as finalists. All but one individual responded and agreed to participate, thus 73 nominations were sent to the panel for review.

Panel review {#sec009}
------------

The panel of volunteer reviewers consisted of 10 federally-funded researchers. We matched the reviewers' scientific disciplines to the nominees' fields, and two panelists reviewed each nomination. Five of the reviewers working in biomedical, public health, and social sciences reviewed the bulk of nominations (12 reviews each). The remaining three reviewers reviewed smaller sets of nominations from engineering, earth sciences, and physical sciences. Reviewers received the narrative information provided by the nominators and endorsers about the nominees' research program and their professionalism and integrity. They also received the nominees' CVs, and a summary of their academic rank, sources of funding, number of publications, and amount of grant funding (with a note that NIH intramural researchers do not seek external grants.)

We provided the review panelists with a one-page instruction sheet describing the two criteria for inclusion as an exemplar: scientific accomplishment as a federally-funded investigator and a reputation for professionalism and integrity. We instructed panelists that considerations for the expectation of high-quality, high-impact research might include: "receiving substantial grant funding, producing high-quality peer-reviewed journal articles, and addressing issues of social import." Regarding the expectation of professionalism and integrity, we instructed panelists to consider "whether the characteristics or practices described in the materials are those that would be ideal for others in the scientific community to learn from or follow in their approach to lab management, mentorship, or leadership."

Panelists scored the nominees on the two criteria using a 1 (*far below expectations*) to 7 (*far above expectations*) scale. We also asked reviewers to respond to the yes-no question, "Do you have any reservations about this person being identified as an exemplar?", and to briefly comment on their ratings (and reservations, if necessary). We produced mean rating scores across the two criteria and two reviewers.

Review by the research team {#sec010}
---------------------------

Our team (AA and JD) reviewed the panelists' scores and comments, and we evaluated all of the nomination and endorsement narratives. We focused our review on nominees scoring at or above 5. The average reviewer rating of the final cohort of research exemplars was M = 6.02, SD = .60. Our aim was to verify, to the extent possible, evidence of behaviors or traits of the nominees that reflected professionalism and integrity. We examined the nomination and endorsement materials for examples of what set the researchers apart in how they approached doing their work.

It is of note that we did not define "professionalism and integrity" for nominators. Instead, we opted to allow nominators to make recommendations according to their views of professionalism and integrity in research. We found the exemplars were described as hardworking, enthusiastic, collaborative, meticulous, transparent, fair, and altruistic. Many held leadership positions at their institutions or in their fields. Nearly all were described as role models, advocates for others, or outstanding mentors. Additionally, exemplars were described as well-liked, highly-respected, and sought-after for their expertise and advice. The nomination and endorsement narratives offered examples of these qualities in practice; for example, taking the utmost care with their data and methods; being known for questioning their assumptions and bringing in outside perspectives; creating collaborative, engaged work environments; refusing to publish findings without confidence in their validity; being disciplined in requiring standardized procedures; discussing ethical considerations actively with their groups; sharing their data outside the lab; making sure team members receive due recognition; taking personal time to help colleagues and mentees.

In our assessment of the panelists' feedback and the materials to select finalists, we aimed to ensure inclusion of researchers who met the criteria and who were diverse in research discipline (e.g., clinical, lab science, social/behavioral research), gender, and nation of birth. We sought at least 30 researchers, however, the high caliber of nominees ultimately led to 55 finalists. We emailed the 55 researchers selected as finalists, and all but three finalists agreed to enroll in the study and participated in the interview.

Data collection {#sec011}
---------------

We conducted one-hour, semi-structured telephone interviews. Before completing the telephone interview, the participants received a consent document electronically and indicated consent to participate. Questions about the study were addressed via email or on the phone before interviews began. Participants also completed a brief online demographics survey and a short questionnaire about their work (e.g., hours worked per week and grant applications submitted per year).

The interview script consisted of 18 questions with follow-up prompts ([S1 Appendix](#pone.0214595.s001){ref-type="supplementary-material"}). First, the interview focused on rapport-building and background questions. Then, we told participants we wanted to understand the factors that contribute to the success and reputation for integrity of individuals nominated as research exemplars. We ask them to focus on things they do consciously to be the best researcher they can be, or things they do that others in their field might not do routinely. The next 11 questions asked about the individual traits, work strategies, and environmental or experiential factors that contributed to their success and reputation for integrity. The habits and routine practices questions focused on rigor and reproducibility, good team relationships, and compliance. Finally, we asked three questions about key career experiences and lessons.

We asked the participants to focus on work within their own research lab or team, even though they collaborate across labs and teams. We did not explicitly tell participants we were studying "leadership and management" to allow their leadership practices to emerge naturally. The interview script was developed by AA (an industrial-organizational psychologist with expertise in workplace psychology, leadership, and responsible conduct in research) \[[@pone.0214595.ref019], [@pone.0214595.ref032]--[@pone.0214595.ref034]\], and JD (a psychologist and bioethicist with expertise in research professionalism, research integrity, and professional decision-making, along with experience as PI of large federally-funded grants) \[[@pone.0214595.ref035]--[@pone.0214595.ref037]\]. Two public health graduate student research assistants conducted the interviews. They received 3 hours of training in interviewing practices and performed a practice interview observed by AA. After each interview, they documented how it went, and the team used this information to further standardize procedures between interviewers; although minimal problems arose. The interviews were digitally recorded and transcribed verbatim. They yielded 600 single-spaced pages of text.

Data coding and analysis {#sec012}
------------------------

We adopted a causation coding framework to identify causal explanations for why the exemplars had reputations for exemplary research \[[@pone.0214595.ref038]\], which we defined as fostering rigorous research, regulatory compliance, and good relationships \[[@pone.0214595.ref004]\]. In the interviews, we asked for the exemplars to discuss their own theory of what explains their success and reputations by asking them to identify the routine practices and habits they employed. In coding, we linked the practices they described to the outcomes of interest: rigor, compliance, and relationships. Our analysis of themes focused on building an understanding of the exemplars', and our own, theory of the practices contributing to these outcomes. We anticipated leadership practices would emerge according to an existing broad framework of leadership behaviors: "initiating structure"---task-related behaviors focused on processes and procedures---and "consideration"---relationship-oriented behaviors focused on interpersonal aspects of leading people \[[@pone.0214595.ref026]\].

We developed codes to summarize concepts in the data inductively through several rounds of open-coding. First, AA and JD read the transcripts and marked emerging concepts to identify a coding framework consisting of parent codes (codes providing superordinate categories) for child codes (codes capturing specific concepts). The framework ([S1 Table](#pone.0214595.s002){ref-type="supplementary-material"}) included parent codes in several domains: e.g., research operations practices, relational and self-management practices, professional priorities, traits, and experiences. In addition, a parent-level "outcomes" code included the child codes of rigor and reproducibility, compliance, good relationships, balancing professional demands, and doing exemplary research. We linked practices to the outcomes when coding the excerpts of text containing practice codes by marking an accompanying outcome code each time we coded a practice. We only used the general "doing exemplary research" code when the practice discussed by the participant was not explicitly linked to the more specific outcome codes. We tracked outcome codes in this fashion to identify the casual links exemplars made between the practices and their intended outcomes.

After developing this initial codebook framework, one of the interviewers (AK) read 10 transcripts to identify the workability of the code framework and to elaborate on the child codes. The full team (AA, JD, and both interviewers) met to discuss and revise the codebook. Next, AK and AA tested the codebook on a second batch of 10 transcripts and continued to develop a comprehensive list of child codes. We also generated a codebook document with the definitions of the codes, example quotes illustrating each code, and rules for applying each code. This process repeated until we reviewed all transcripts and identified no more child codes. After each batch, team meetings focused on clarifying code definitions, rules for applying codes, and collapsing redundant codes.

We utilized Dedoose qualitative data analysis software \[[@pone.0214595.ref039]\] to train coders and perform coding. In Dedoose, coders mark excerpts of text within transcripts with codes representing concepts in those excerpts. This process generates present (1) and not-present (0) quantitative data for each of the codes within each transcript, and allows the textual data linked to the code to be downloaded for subsequent thematic analysis. To train on the final codebook and add rules to the codebook, AA and AK coded the same set of 10 transcripts and discussed. To obtain an estimate of reliability, they selected and both coded 50 chunks of narrative from transcripts across scientific disciplines, male and female participants, and across the 18 questions. Kappa, an estimate of inter-rater agreement, was .81. Kappa estimates of .61--.80 are considered very good, and above .81 excellent \[[@pone.0214595.ref040]\]. AA and AK then each proceeded to code 26 transcripts each. After coding 10 each, we selected a set of chunks, one from each of the 18 questions from across the transcripts, and recalculated Kappa (.73) to ensure we did not have major rater drift in applying the codebook.

The key purpose of this report is to identify practices linked to rigor and compliance. Thus, we examined each practice and their links with these outcomes by reading the excerpts for each practice to identify the themes represented within that concept. When practices linked to more than one outcome, we read and identified themes for each outcome. After reviewing the themes within excerpts for rigor and compliance, we reviewed the excerpts linked to the general "doing exemplary science" code to ensure that we had already identified all key ideas. During this process of analyzing themes associated with codes, we explored how the concepts and themes related to each other, identifying higher-level themes.

We report the frequency of all of the practice codes linked to rigor and compliance across the 52 exemplar transcripts, provide illustrative quotes, and elucidate the themes represented within the codes. We include specific strategies used by exemplars to provide practical insights. Our discussion focuses on the higher-order connections and key findings cutting across the results.

Results {#sec013}
=======

Participant characteristics {#sec014}
---------------------------

We interviewed 52 researchers. The cohort performs diverse types of research, including basic lab research across a spectrum of life and physical sciences, clinical trials, behavioral interventions, engineering, informatics, and field research in disciplines ranging from earth science to virtual archeology. Thus, the cohort manages compliance in human subjects research, animal research, and laboratory safety. [Table 1](#pone.0214595.t001){ref-type="table"} describes the participants' demographic and academic characteristics.

10.1371/journal.pone.0214595.t001

###### Participant characteristics.

![](pone.0214595.t001){#pone.0214595.t001g}

                                                                      No.   \%
  ------------------------------------------------------------------- ----- ----
  Gender                                                                    
   Male                                                               37    71
   Female                                                             15    29
  Age                                                                       
   30--39                                                             2     4
   40--49                                                             12    23
   50--59                                                             20    39
   60+                                                                18    35
  Born in the United States                                                 
   Yes                                                                38    73
   No[^a^](#t001fn002){ref-type="table-fn"}                           14    27
  Race                                                                      
   White                                                              45    87
   Asian                                                              4     8
   Multiple                                                           2     4
   Not reported                                                       1     2
  Hispanic or Latino                                                        
   Yes                                                                6     12
   No                                                                 46    88
  Highest Academic Degree[^b^](#t001fn003){ref-type="table-fn"}             
   PhD only                                                           37    71
   MD only                                                            9     17
   MD and PhD                                                         6     12
  Academic Rank                                                             
   Associate Professor                                                5     10
   Professor                                                          43    83
   Other (e.g., Senior Investigator; Lab Chief)                       4     8
  Type of Research[^c^](#t001fn004){ref-type="table-fn"}                    
   Wet Lab                                                            26    51
   Animal Subjects                                                    25    49
   Human subjects: clinical                                           21    41
   Dry Lab                                                            13    25
   Human subjects: social or behavioral                               12    24
   Other (e.g., chemical synthesis, materials processing)             9     18
  Discipline of Training                                                    
   Biomedical Sciences (biomedical, biological, and public health)    29    56
   STEM Science (physical sciences, psychology, and earth sciences)   23    44

N = 52.

^a^13 (25%) reported English as their second language.

^b^84% earned in the United States.

^c^Participants selected "all that apply, thus % is \> 100 (43% reported 1 type, 24% reported 2 types, and 33% reported 3 or more types).

[Table 2](#pone.0214595.t002){ref-type="table"} shows the exemplars' career statistics and team characteristics. The researchers work with a mix of personnel on their teams, including high school students, undergraduate students, graduate students, post-doctoral researchers, research technicians, research coordinators, managers, and other full-time staff. Most (77%) work at public universities in the United States, and the remaining (15%) at private universities and NIH's Intramural Research Program (8%). Of the exemplars at universities, about half (48%) were at medical schools and 73% were at "R1," research highest activity, universities. The institutions represented the four geographic regions in the United States, the Midwest, Northeast, South, and West, as defined by the U.S. Census Bureau.

10.1371/journal.pone.0214595.t002

###### Research exemplar career and team characteristics.

![](pone.0214595.t002){#pone.0214595.t002g}

                                                                                        M              SD
  ------------------------------------------------------------------------------------- -------------- --------------
  Exemplars                                                                                            
   Number of years doing research[^a^](#t002fn001){ref-type="table-fn"}                 28.18          11.89
   Number of research labs or groups worked in across career                            6.45           4.83
   Number of peer-reviewed publications                                                 137.9          95.95
   Amount of grant funding in career                                                    \$26,923,344   \$26,155,063
   Estimated hours worked per week                                                      59.81          9.97
  Research Teams[^b^](#t002fn002){ref-type="table-fn"}                                                 
   Number of personnel working in lab or research team                                  12.31          10.06
   Number of projects running in lab/team at one time                                   7.23           4.72
   Number of grant proposals submitted per year[^c^](#t002fn003){ref-type="table-fn"}   5.40           4.27
   Number of papers submitted for publications per year                                 9.98           7.35
   Days per week PI works in same space or building as research team                    4.69           1.28

^a^defined as "years doing research that led to publications".

^b^Participants were asked to characterize "on average".

^c^N = 48, as NIH intramural researchers do not seek grants.

Our analysis of the interview narratives yielded 8 practices that 50% or more of the exemplars indicated foster rigor and/or compliance. It is of note that 4 of these same practices also linked to good relationships or balancing professional demands. We will describe the findings regarding relationships and professional demands in a companion report. We also found a second set of less frequently mentioned practices, including 8 practices focused on fostering rigor and 1 practice focused on compliance.

The practices offer ideals to strive for in leading a research team. However, it is important to note that not all exemplars engaged in all practices, and certainly, they did not execute the practices flawlessly. Many exemplars noted challenges they encounter, such as finding compliance burdensome, or struggling to identify what they should and should not delegate. The top practices are illustrated with quotes in [Table 3](#pone.0214595.t003){ref-type="table"}.

10.1371/journal.pone.0214595.t003

###### Lab management practices fostering rigor and compliance.

![](pone.0214595.t003){#pone.0214595.t003g}

  Practice                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Linked Outcomes                                Illustrative Quotes                                                                                                                                                                                                                                                                                                                                                                                                              No.   \%
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----- ----
  Hold regular team meetings                                                                                                                                                                                                                                                                                                                                                                                                                                                          Rigor, Compliance, Relationships               "There's nothing that's hidden. We talk about data out loud. That lab meeting that we have each week is probably one of the most important hour to two hours that we spend together because everybody has to be able to show their raw data, everybody has to be able to talk about these difficulties." (Participant 52)                                                                                                        43    83
  "It's very important that the projects have regular meetings; they have clear agendas, and they have clear to do lists at the end of the meeting so that people are responsible and held accountable for going to the next step." (Participant 21)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Encourage shared ownership and decision-making                                                                                                                                                                                                                                                                                                                                                                                                                                      Compliance, Relationships, Balancing demands   "So there is less of a delegation, but more of a partnership...we need to do parallel things, and that's the way to ensure rigorousness and integrity.... So, if I read a paper and miss something, another person is also reading the paper and will miss some other things. So, together we might be able to make up a whole picture." (Participant 5)                                                                         38    73
  "With all of the human trial studies that we do, the students actually have to submit the IRBs and work with all of the clinicians that we're working with.... So they're in charge of it.... One of the biggest attributes we have...is actually giving...the sense of ownership, and once they have that sense of ownership and telling them these are the expectations, then they're able to perform with good integrity." (Participant 24)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Provide supervision and guidance                                                                                                                                                                                                                                                                                                                                                                                                                                                    Rigor, Compliance, Relationships               "Listening to the people who are in the laboratory and doing things. So if they're running into something that's a barrier for them, listening to what that barrier is, and number one, seeing if there's a solution to get around that barrier, or number two, telling them why it's there so that we have a check point." (Participant 17)                                                                                     37    71
  "I do try to talk to all of my people every day. I think the more junior people...even if it's just 'good morning, do you have a good plan for what you're going to do today?' Even if that's all it is, they know that, number one, I care...that I'm available for questions, comments, concerns. They know that what they're doing is being supervised." (Participant 41)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Ensure sufficient training                                                                                                                                                                                                                                                                                                                                                                                                                                                          Rigor, Compliance                              "We show someone, teach them, they do it while we watch, then they do it themselves, and then they do it themselves again and we come back and check later. So part of it is in the way we train people." (Participant 37)                                                                                                                                                                                                       35    67
  "She \[the lab manager\] handles getting people to the person who's going to train them.... Once they're trained, they get a document from the trainer saying they know how to handle that piece of equipment and training completed is entered on the spreadsheet. So, that's just to get started. The first few times that you do a procedure, especially in animals, like the first 5 times in animals, someone is watching...and checking off a checklist." (Participant 34).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Foster positive attitudes about compliance                                                                                                                                                                                                                                                                                                                                                                                                                                          Compliance                                     "I think personal relationships, not to treat the IRB as a thing but as people...getting to know them, inviting them to our lab, when we have a difficult decision, to really have them involved with us where we get their feedback.... They understand our work, and we're open about where we have a fork in the road and getting their feedback, I think that makes a real difference." (Participant 21).                    34    65
  "A lot of people will have, attack the messengers. I think it's much better to be working with them, and working out protocols together and always being open and transparent about what we plan on doing." (Participant 23)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Scrutinize data and findings                                                                                                                                                                                                                                                                                                                                                                                                                                                        Rigor                                          "I do meet with people basically weekly to look at data, and to go through data...I try very hard...if the data doesn't show the result that I expected or wanted, to try not to react to it and personally attack the person...frequency of interacting with people around primary data is important, and being open to hear results, whatever they are, even if they're not what you expected or wanted..." (Participant 11)   32    61
  "You really have to have access to the raw data and you have to sit down and talk about the data interpretation with the students and make sure that you understand how they've reached their conclusions, how they've interpreted their data, any additional data that they've collected that they're not showing you that might change the interpretation." (Participant 20).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Express values and expectations                                                                                                                                                                                                                                                                                                                                                                                                                                                     Rigor, Compliance, Relationships               "I also let my laboratory know...it doesn't matter how long it takes us to do something, we're gonna do it right, because we're going to be able to say to people we have confidence in what we do, because here's what we've done to get there." (Participant 52)                                                                                                                                                               31    60
  "...we're strict in terms of getting the work done and that the work has to be high quality, but...I like to see the people in my lab working with a smile on their face, preferably enjoying what they do, and not feeling like I'm a task master..." (Participant 16)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Establish and follow SOPs                                                                                                                                                                                                                                                                                                                                                                                                                                                           Rigor, Compliance                              "...there are standard operating procedures that everybody has to be familiar with, and then...making sure that not only have they read it the first time, but...go over it again..." (Participant 7)                                                                                                                                                                                                                            26    50
  "We use SOP's for everything, absolutely everything, and people come to our lab and they're just blown away by the fact that we have, we have a map to show you where to park.... So that just makes it easier." (Participant 37)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Hold regular team meetings {#sec015}
--------------------------

Discussed by 83% of exemplars, the cornerstone of rigorous research is holding regular meetings. As one exemplar put it: "...the first round of vetting of what they have accomplished is through our internal group meeting or lab meeting" (Participant 41). Nearly all exemplars hold weekly meetings. Meetings serve several distinct purposes.

Meetings, first and foremost, provide the opportunity to share data. This fosters transparency about data and permits team members to scrutinize results. This routine helps lab members feel comfortable putting their data, findings, and interpretations on display for others to critique. It creates a norm of openness about data, helps to identify potential problems in the data, and fosters a sense of team collaboration on projects. Several exemplars emphasized that a PI must never make lab members feel that they will be unhappy with the data presented to them. One noted, "...I let them know that progress isn't getting the results I want...progress is getting the results that the experiment gives us" (Participant 17).

A related purpose of meetings is to provide updates, coordinate, and identify potential problems with a study that impact the quality of data or compliance with a scientific or ethical protocol. Meetings allow team members, particularly when several must coordinate to execute protocols, to double-check procedures and talk about concerns. These meetings also allow investigators to understand what has been accomplished and allow the team to plan. The exemplars talked about using these meetings to make sure they are fully aware of how the research is going and to create accountability for next steps. Several PIs mentioned the importance of agendas, to-do lists, and action steps to foster awareness and accountability among team members. For example, one exemplar described requesting an outline of goals and progress: "They have to prepare a write up every single time that we meet...essentially outlines their goals, and then the next time, what they met on those goals" (Participant 51).

Whether it relates to ensuring sound, high-quality research, or compliance with regulations and ethical standards, the exemplars repeatedly emphasized that people must be comfortable communicating about mistakes. Overall, communication at team meetings must be transparent and open. Exemplars stressed that people must feel the environment is "non-threatening." A few exemplars even described sharing their own mistakes and trials to model openness. One exemplar put it this way:

> I tell \[my team\] that the only mistake that can't be fixed is the one they don't tell me about...if they've done something wrong, or they've discovered that something went wrong...I want to know about it.... I don't get angry...because everyone's human and we all make mistakes, including me. The only thing I ever get angry about is if I discover that they've hidden something from me. So, transparency and displaying that transparency is really key....
>
> (Participant 4)

Exemplars also hold meetings to discuss new study designs and plan out study protocols that have not yet launched. Occasionally, meetings serve the purpose of developing or training lab members by discussing new topics or having outside experts come to present on new regulations or important compliance issues.

Encourage shared ownership and decision-making {#sec016}
----------------------------------------------

Another top practice, shared by 73% of exemplars, was establishing an environment where everyone shares in responsibility for compliance and integrity. For example, one strategy was to design compliance protocols together as team. This not only ensures that everyone knows what each team member is responsible for, but also that the protocol can be discussed and revised if a problem arises.

Another aspect of shared ownership was appointing a compliance point person. Many exemplars described someone they rely on as a source of expertise and consistency on matters of compliance. Typically, this person was an experienced member of the lab or designated compliance manager. The point person helps the PI oversee compliance matters and double-check procedures and documentation. A point person might perform specific checks of protocol compliance, for example, they might regularly review documentation like protocol checklists and signed informed consents. Moreover, this team member serves as the go-to person for daily compliance questions or issues. One exemplar described it this way: "...different staff or the research faculty are in charge of various components of the laboratory...they serve as an additional, immediate onsite resource for laboratory processes in a way that I can't, given my administrative duties" (Participant 10).

Other than selecting an experienced individual, some PIs mentioned appointing a person who is good with details, or a "perfectionist." This person then contacts the PI when needed. Also, the point person is often involved in training newcomers and ensuring they are knowledgeable of the rules. One exemplar relied on a graduate student in this role: "...I also have a safety officer in the lab...it's an advanced grad student...and he'll basically train any new student coming in on a one-on-one basis...go through all of the things that we need to check" (Participant 45).

Provide supervision and guidance {#sec017}
--------------------------------

The next practice of utmost importance mentioned by the majority (71%) of exemplars was providing comprehensive, ongoing supervision and feedback to their students and personnel. Meetings provide an oversight mechanism for PIs, but exemplars also emphasized oversight and feedback more generally. They described regular, typically daily, interactions with smaller groups and individual team members. They make sure that they are interacting with and communicating with everyone on their team. One described it simply this way: "...I go to the lab every day and engage all of them" (Participant 38).

At its core, this practice is about being an involved and engaged PI and mentor. The exemplars value awareness of how the research is going day-to-day so they can provide timely guidance and direction. The form that oversight took varied by level of the student or staff member: daily more intensive supervision for newcomers, inexperienced staff, or a struggling trainee; regular "check-in" meetings with more experienced individuals; and one-on-one meetings with the most senior personnel on an as-needed basis. Above all, their objective was to interact with everyone to identify potential problems and help identify ways to overcome them. One exemplar noted: "I'm meeting with them...and making sure there aren't problems, that if there is a problem, they're bringing it to my attention" (Participant 43).

Regarding rigor specifically, exemplars described being involved in and overseeing the execution of research and the production of data. Through their awareness of how data collection is progressing, they can help trouble-shoot when studies are not going according to plan, or when they or lab members identify inconsistencies in data. For those doing experimental work, this typically meant they were in and out of the lab interacting with people. Those doing clinical work emphasized being sure that people know they are available. Further, they are regularly in contact with lab members, so they can learn immediately if there are any questions, concerns, or needs for guidance about protocols. Access to the PI was of critical importance; typically, PIs interacted daily with their teams. Some exemplars mentioned that they have an "open door" or share their calendar with their team. Other PIs noted it is imperative that their team works in a space in close proximity to their office.

Similar to their oversight of research and data collection, engagement as a supervisor allows their teams to address problems related to compliance as quickly as possible. Often, supervision related to compliance focused on checking in with the compliance point person and establishing the procedure that dictates how the compliance person communicates concerns directly to the PI. Several exemplars expressed the importance of being mindful about the possibility that compliance or research integrity issues could arise, like compliance protocol violations, plagiarism, or data manipulation, and of being vigilant in monitoring for them. They described not being suspicious, but mindful.

Several exemplars specifically noted the importance of supervision and feedback for new members to the team and for people who are doing new, unfamiliar tasks. Through regular interaction, the PI gains confidence that lab members are prepared to work more independently. The PIs noted that regular supervision and feedback are the key means to develop trust in the knowledge and skills of their team members, which ultimately allows them to delegate and share in decision-making and ownership.

It is worth noting that the supervisory role of a PI evolves. With a smaller lab, or at an earlier career stage, some described being extremely involved, even working alongside students in the lab. With time, a PI's involvement in the smallest details may diminish, but this heightens the need for regular interaction, feedback and open lines of communication. Also, PIs with large teams or labs may oversee managers or coordinators who help to provide some of the supervisory support to others. However, the exemplars described being both highly engaged in communicating with those managers or coordinators while also still interacting regularly with all the people on their teams.

Overall, the investigators described being aware, being present and available, and interacting regularly with individuals. Approachability, in particular, was a prominent theme in their responses. Most exemplars explicitly noted that people should feel any concern or question may be brought to their attention at any time. They consistently reiterated the importance of openness and communication. By knowing the day-to-day activities of the team, they can provide timely, effective guidance and help their teams overcome challenges.

Importantly, some exemplars explicitly pushed back against the idea that this kind of engagement and regular contact with people is "micromanagement." Many felt that through their engagement on matters of data quality and compliance, they created the sense that every team members should play a role in monitoring and creating checks and balances about data and compliance. Furthermore, many noted that problems, mistakes, and concerns should be approached in an evenhanded fashion. One stated: "I think the key is to make sure that I am talking to them, and I'm not judging them or evaluating them when we talk. It's all about discussion..." (Participant 39). Another noted: "If you yell at people, if you brand them as incapable researchers...then people will go into safe mode. If they go into safe mode, they are not really a scientist anymore..." (Participant 6). Finally, another exemplar reflected on the aim of establishing openness: "I want to create an environment of openness with my students so that they're able to present to me the truth and not be afraid that I'm going to get angry" (Participant 35).

Ensure sufficient training {#sec018}
--------------------------

Another common practice noted by 67% of exemplars was the need to ensure adequate training of newcomers to their research teams to foster rigor and compliance. Several mentioned the adult learning heuristic 'tell, show, do'---tell someone how to do a task, then show them how to do it, and then watch them as they practice doing it. Some described assigning tasks with specific metrics or outcomes they could check to ensure the person knew how to carry out the task accurately. Others described using a tiered, experience-based system in which experienced lab members train the beginners while the mid-level trainees observe. Later, mid-level trainees may become the experienced trainers.

Several exemplars noted the need to draw on the help of lab members to train others, and to formalize training as much as possible, especially as the lab gets bigger and the PI accumulates greater responsibilities. Several exemplars noted using training guides and standardized training manuals to ensure that everyone is taught to do things the proper, rigorous way. Regarding compliance, several noted that they do not assume that people know the rules, and they make sure that team members meet the institutional compliance training requirements. Other strategies for training on compliance-related matters were to work together on regulatory applications, have occasional special meetings about regulatory issues, or to bring in outside regulatory experts if extra training needs arise. One exemplar relayed their approach as follows:

> We have a monthly staff meeting, and we talk about compliance and regulations. I will send reminders as needed about the importance of compliance with regulations, compliance with our research protocols with the university requirements and regulations, and we discuss a lot of that also when we're writing proposals.
>
> (Participant 12)

Another described building staff knowledge through experience with compliance protocols:

> I require all of them to write and submit IRB or IACUC application, of course with my supervision, so that we all will be familiar with the issues, not just in terms of research, but also in treating humans and animals in ethical ways. I also require them to personally get trained in every aspect of research regardless of whether they're going to do that type of work in their research or not.
>
> (Participant 38)

Overall, the PIs described the critical need to ensure that no one, whether an undergraduate, graduate, or post-doctoral researcher, performs a task until they reach adequate mastery. Without this level of mastery, the team risks wasting resources, producing bad data, or failing to ensure compliance. By attending carefully to training, the PI develops trust in their team members, allowing them to work independently. Notably, several investigators mentioned that, because the period of necessary learning before being productive is extensive, they ask people to commit at least two years in their lab.

Foster positive attitudes about compliance {#sec019}
------------------------------------------

In line with the idea that shared ownership fosters compliance, 65% of the exemplars described the need to foster positive attitudes about regulatory compliance. This included several elements. First and foremost was the need to have good relationships with regulatory agencies and institutional officials. PIs noted the importance of viewing these officials as helpful experts rather than antagonizers. As noted above, some even reported inviting such experts into their labs to give presentations or share best practices. They noted the value of viewing compliance experts as part of a team's competitive advantage, that is, viewing them as a resource to support the good work of the team, rather than criticize it. However, this particular strategy will be most effective at institutions with compliance offices that have robust educational and support services.

Another element of this practice was to provide continued professional development around issues of compliance; for example, by dedicating a lab meeting to discussing changes in regulations or to discussing a case example. Keeping the importance of compliance salient in the lab, particularly by making compliance a topic of regular discussion, allows the team to integrate compliance into how they naturally go about their work. An exemplar described encouraging awareness as follows: "We just have kind of 'safety moments' and safety updates every couple of months to make sure that everybody is remembering the proper set of procedures to go through if there's an emergency in the lab..." (Participant 11).

Additional strategies for fostering a culture of compliance were to set expectations of compliance by explicitly insisting that lab members follow the rules, and to make compliance easy, or the default approach to doing science. For example, this could be achieved by using standard operating procedures (SOPs) and ensuring adequate training. Several exemplars went even further, noting that the team must value doing what is ethically best for patients, animals, lab, or science, even when it is above and beyond the requirements. Finally, even when the PI finds compliance matters a burden, several exemplars noted it is important not to communicate that attitude to team members.

Scrutinize data and findings {#sec020}
----------------------------

The exemplars described meticulousness and skepticism towards raw data and their team's interpretations of findings. This strategy was mentioned by 61% of exemplars. They sought to cross-check data and findings as thoroughly as possible and to ensure a culture of transparency about data. To achieve this, they urged people to talk about data regularly. They encouraged lab members to show each other their data to create a culture in which people are comfortable talking about data. Exemplars ensure that lab members participate in both receiving and offering feedback so that they become comfortable with critique. One PI noted people should never be afraid to show their data: "I tell them I want all data. There is no good data, there is no bad data unless somebody makes a decision...I am ultimately responsible, or...the team is.... You have to have all original data." (Participant 6).

Some exemplars described bringing in outside colleagues who can offer fresh perspectives on their findings or inviting others to collaborate, especially those who they know will disagree, in order to generate a greater level of scrutiny. Their aim of setting a tone of objectivity and scrutiny towards data was especially achieved through regular meetings and interactions about data. Many exemplars described that this mindset carries beyond meetings to the way members of their teams approach data as individuals, and in the way they work together collaboratively outside of meetings to ensure the best research.

Express values and expectations {#sec021}
-------------------------------

We heard, from 60% of exemplars, about the significance of a PI explicitly stating what is important as the team goes about their research. That is, what the PI values and, in turn, what the PI expects. To foster rigor, the exemplars communicate high standards. Specifically, they express the importance of doing research accurately, meticulously, transparently, and with integrity. They expect lab members to work hard, but they also tell them not to sacrifice quality by cutting corners or rushing. Several exemplars mentioned the need to maintain the credibility of the lab, noting they must always be able to defend their results with confidence. Furthermore, PIs tell lab members it is essential to maintain openness and objectivity as researchers. One exemplar described the mindset they expect from team members in the following way:

> I try to, on a daily basis, remind my students...be very, very skeptical...it starts first with each individual being skeptical of their own data, and not assuming anything. Never assume anything. That's the fatal flaw in a scientist is to assume that you know what you're doing.
>
> (Participant 22)

Included in this notion of objectivity was the idea that lab members must never feel that the PI expects or demands a particular result. Furthermore, several exemplars noted the need to explicitly tell lab members that they must be willing and able to admit mistakes, and it is ok to "be human."

Similarly, PIs express high standards regarding compliance. We heard from several exemplars that they tell lab members that the rules are important, and that PIs insist members make it a priority to know and follow the rules. In addition, exemplars state the consequences of compliance failures: that is, they tell team members that the privacy of participants, or the safety of fellow lab members, is at stake. Importantly, many noted the need to state these expectations particularly when a new member starts in the lab, and not to assume that people know the rules and expectations. Some exemplars also explicitly expected everyone to work together as a team to ensure all lab members understand and follow the rules. For example, some exemplars appointed existing lab members to help newcomers learn the rules. Other strategies to reinforce the importance of compliance were to have compliance concerns as the first agenda item at meetings and to ask new members to sign an agreement stating their commitment to following the rules.

Establish and follow standard operating procedures {#sec022}
--------------------------------------------------

Another practice, mentioned by 50% of the exemplars, was to establish and follow standard operating procedures (SOPs) for scientific and compliance-related procedures. Exemplars stated it is unwise to take for granted that everyone understands how to perform procedures, or that they reliably remember every step. As one put it:

> ...we write protocol manuals...we actually list out every step of what someone is supposed to do as they go through the study...so everything is laid out. We don't assume that people know or will always remember every single step. So there's a checklist for every protocol that we use, and people have to sign off.
>
> (Participant 4)

Exemplars described the importance of highly specific SOPs and the need to use them for everything in their research. SOPs provide PIs with some peace of mind that lab members will consistently perform procedures. They also ensure that best practices in the lab will not be lost over time as members of the lab change. Moreover, SOPs provide a means to discuss and update scientific protocols and regulatory compliance in meetings, particularly to troubleshoot problems. Some exemplars noted drawing on the guidance and expertise of compliance offices to develop or update SOPs.

As illustrated in [Table 4](#pone.0214595.t004){ref-type="table"}, the remaining set of 9 less frequently mentioned practices emphasized procedures to ensure their teams carry out research in a meticulous and coordinated manner. This set of practices focused exclusively on rigor, except for one practice related to compliance.

10.1371/journal.pone.0214595.t004

###### Lab management practices fostering rigor and compliance.
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  Practice                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Linked Outcomes   Illustrative Quotes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  No.   \%
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----- ----
  Verify findings                                                                                                                                                                                                                                                                                                                                                                                                                                                          Rigor             "Well, when you do an experiment you get a result, and you interpret it, and you think you know what it means.... But often your initial inclination about what the result means is not correct when you've done more experiments or thought about it more...that all goes to not being afraid of disproving your hypothesis because if you're afraid to disprove it then you get a nice result, and what you want to do is make some fancy conclusions and publish your results in a fancy journal, and the motivation is not to try to disprove it. If you're a rigorous scientist then you need to do what's necessary to try to disprove it." (Participant 18)   25    48
  "I have typically another set of hands to try to reproduce what someone else has done. I need to have at least two sets of hands being able to do this and we are constantly talking about reproducibility and how one does that themselves and with someone else." (Participant 52)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Document procedures                                                                                                                                                                                                                                                                                                                                                                                                                                                      Rigor             "We work at the level of good laboratory practice, which is a lot of record keeping. Making sure everything is calibrated properly and everything is measured accurately, and done with study plans, study reports, in a blinded manner, in a very exacting manner." (Participant 34)                                                                                                                                                                                                                                                                                                                                                                                23    44
  "I try to instill in all of my students to have a very high level of detail in putting down important information that later becomes an experimental procedure directly from their notebook." (Participant 45)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Design scientifically sound studies                                                                                                                                                                                                                                                                                                                                                                                                                                      Rigor             "Being very rigorous in how you develop a project and how you go about defining the experimental variables that you're going to measure, doing appropriate control to make sure that what you think you're seeing is as accurately supported as possible, to include appropriate statistical guidelines, to make sure you're reproducing the findings with enough independent observations, to use as many objective criteria as possible when we are developing, forming, and analyzing the results from our experiments." (Participant 46)                                                                                                                         21    40
  "We spend a lot of time talking about control experiments...the control experiments are maybe not always the most exciting experiments to do, but they're usually the most important experiments to do, because that's where you really begin to see what's unique about the results that you're putting forward." (Participant 20)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Coordinate the study team                                                                                                                                                                                                                                                                                                                                                                                                                                                Rigor             "We put the \[study plan\] table...up on the screen and we all look at it together, because everyone on that team will be doing a part of the research...it has to be really well orchestrated.... The devil's in the details...many little things you can work out if the whole team is sitting together and they each have input about how they're going to do their portion of it." (Participant 34)                                                                                                                                                                                                                                                              17    33
  "Whenever we are planning an experiment we all sit down as a group and go through it and say here's what we're asking, here's what we need to do, and we sort of say who's going to do what." (Participant 2)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Handle data properly                                                                                                                                                                                                                                                                                                                                                                                                                                                     Rigor             "All of the files, they're all kept on Dropbox where everybody has access. We have a folder where all of our code is and anybody is supposed to be able to go in and grab the data and be able to run the same sort of analysis." (Participant 8)                                                                                                                                                                                                                                                                                                                                                                                                                    16    31
  "We, of course, do regular backups and we then do backups of the backups." (Participant 6)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Involve multiple researchers on projects                                                                                                                                                                                                                                                                                                                                                                                                                                 Rigor             "...you would like to have more than one person do a particular key study...basically having collaborations within your laboratory, and that's really one of the strong sides of my lab, that my people work with each other in many, many different angles...they see then what the results are and there's a feedback..." (Participant 13)                                                                                                                                                                                                                                                                                                                         13    25
  "Having multiple team members on the same project ensures the quality of the analysis, thereby allows identification of any gaps in the scientific account." (Participant 27)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Share data outside the lab                                                                                                                                                                                                                                                                                                                                                                                                                                               Rigor             "how do you ensure integrity?...I would say presenting...bring in even the opposition, try and co-op them, but during the process itself, you should present your preliminary works at international meetings and serendipitous things can happen, people...make important criticisms or positive contributions...put the work out there to your peers from around the world." (Participant 14)                                                                                                                                                                                                                                                                      11    21
  "...we're in the process of getting all of those data up there \[in a data repository\], available, documented so that other people can use them...so anybody else who wants to use it, if they really want to reproduce anything they have to be able to access it...get the data out that they need...so that other people can use and combine what they have with what we have, and use our code and that kind of thing to really advance science." (Participant 8)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Report findings completely and accurately                                                                                                                                                                                                                                                                                                                                                                                                                                Rigor             "...I want a perfect, you know, description of the experimental data...it needs to be full, fully characterized...so I try as hard as I can to hold people...responsible for, you know, for getting completeness of data." (Participant 15)                                                                                                                                                                                                                                                                                                                                                                                                                          9     17
  "Being very careful in the methodology and very clear about what methods are used." (Participant 28)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Advance compliance through audits                                                                                                                                                                                                                                                                                                                                                                                                                                        Compliance        "...we'll do a routine check...a couple of times a year... just because we're not perfect, they'll reveal that there was an issue with X or there was an issue with Y...we report it to our IRB of course, that there might have been a violation to specific study procedure or a certain form wasn't collected how we said it was going to be collected in IRB protocol, and then we identified this because of our routine checks, and then we figure out, okay, this happened, and...now how can we prevent this from happening again?" (Participant 44)                                                                                                         9     17
  "There are safety inspections and that's a part of what we do...so people are aware of that so that's an extra motivation to make sure there's good compliance." (18)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

Verify findings {#sec023}
---------------

We heard of the need to verify findings from 48% of exemplars. For those doing experimental work, in particular, it was essential to verify findings through repeated experiments, and often through having multiple people replicate experiments. As one expressed: "...you repeat it, and you repeat it...we want to be sure...repeat is the mother of success" (Participant 13). Exemplars recommended finding help outside the lab if the lab is having trouble replicating. They also shared the importance of digging into results when they find something they expected, not only when they find something they did not expect. They stated the lab must figure out whether their result is real or not. One exemplar described it as follows:

> ...being extremely slow and methodical and careful and going back and checking and rechecking and looking at things from different perspectives, bringing in a lot of people to consult, others to independently replicate your results, others to still independently replicate those. I've never put anything out that hasn't been replicated at least twice independently by people.
>
> (Participant 14)

The bottom line was to be skeptical of what they think they have in front of them and to look at their findings from new angles, for example, to repeat experiments, assess new controls, or look to other studies to triangulate their findings.

Verify findings was mentioned by about half of exemplars, and most investigators meant replicating findings. It might be expected that replicating would be mentioned more frequently, but we think this may be a function of two factors. First, the investigators were conducting diverse types of research: some were doing basic laboratory studies where explicit replication is customary, whereas others performed clinical or behavioral research and explicit replication of datasets is not possible. Instead, in these fields "scrutinizing data and findings" captures the standard approach to validating findings. Second, we asked investigators to describe practices they thought others in their field might not do routinely, which may have led them to focus less on practices they potentially viewed as typical.

Document procedures {#sec024}
-------------------

We heard from 44% of exemplars that rigorous research requires meticulous, constant documentation of every decision made, even the smallest detail. One investigator noted: "I also ask my students, even though we're a computational group, I ask them to maintain a research log, a lab notebook" (Participant 9). Whether documentation takes the form of lab notebooks, written plans, detailed notes, or metadata, exemplars conveyed that everything should be documented and researchers should plan ahead for documentation in their studies. There should be an expectation that personnel keep detailed records and notes about virtually everything. A few PIs provided the advice to give students or staff example lab notebooks, research reports, or lab meeting agendas and meeting minutes to illustrate the desired format and detail.

Design scientifically sound studies {#sec025}
-----------------------------------

Another issue raised by 40% of exemplars was that rigor starts at step one. They described the need to spend the necessary time to plan everything as carefully as possible from the outset. As one PI put it: "You think before the study, and you don't think during the study, or you think only if you have to, as needs arise" (Participant 42).

Ensuring that their team planned the most scientifically sound, rigorous designs included several elements. A solid scientific foundation was one concern. They noted the need to study the literature to determine a theoretical framework, conceptual model, or what findings are already available. This allows the team to make sound research design decisions and find creative ways to extend and improve upon what already has been done. A few PIs noted using outside guidelines and checklists for rigor available from agencies like the NIH and journals. Some also described going outside their teams to obtain external feedback and criticism on ideas and study methods from the very beginning. Finally, specific study design considerations included the following: blinding, the use of controls, validating measures and techniques, calibrating equipment, having multiple methods of data collection to triangulate findings, and having repeated measures of the same data point. Several described thinking backwards; beginning with the end goal in mind and then thinking backwards to design studies. Above all, they reiterated that during the study design phase, PIs must not be afraid of findings that run counter to their hypotheses.

Coordinate the study team {#sec026}
-------------------------

Most of the exemplars have multiple team members working together to carry out studies. As alluded to in other practices, the need to coordinate the activities of the team is essential, and thus was explicitly noted by 33% of exemplars. This practice emphasized assigning and discussing roles down to the minute details from the very beginning of the process. This practice included getting the team together at the beginning of the project to map out goals and roles. As noted by one exemplar: "...we are planning an experiment, we all sit down as a group and go through it and say here's what we're asking, here's what we need to do...who's going to do what..." (Participant 5).

Then, it was essential to repeat check-ins during data collection and when creating a data analysis plan, executing analysis, or drafting results. Coordination and specification of roles was particularly important in how some of the exemplars ran their large research teams because they had students doing research while being supervised by post-doctoral researchers. Thus, this coordination and delineation of roles was important so that people knew who to contact for immediate, day-to-day guidance when doing their research.

Handle data properly {#sec027}
--------------------

Finally, 31% of exemplars emphasized the importance of recording, storing, and backing up data appropriately. The PIs described storing data in a central place (often a shared drive) that is accessible to them at all times (and often to multiple lab members) and over a long period of time. They insisted that all data be stored in this central location, or that there be documented justification for anything that is not archived or is missing. They felt multiple researchers should be involved to improve data integrity---that is, typically, just one individual should not regulate data collection, analysis, and storage. Some PIs had co-leads on projects, and they made practices like double-data entry and group data analysis the norm. One investigator described data management this way:

> ...I always tell my students...back up all your data...at least in two places...and everyone is able to go into every single user's directory...we are all collaborative, we look at everyone's raw data in the analysis...and we maintain the data as long as we can.
>
> (Participant 9)

Involve multiple researchers on projects {#sec028}
----------------------------------------

Many practices implied the importance of teamwork, but several investigators (25%) explicitly noted the importance of internal collaboration for rigor and integrity. By having multiple people work on the same or parallel projects, access to, and review of data, are not isolated to one person, improving the integrity of the project. Strategies included "co-leads" of projects, group data entry and analysis, and the explicit expectation of co-authorship in their group. This approach lends to a collaborative environment and better research because cross-checks and feedback are built into the scientific process in the lab. One even noted the practice can impact the experiments researchers take on: "They also help each other so they co-author on each other's papers, and so they're a little less afraid...to do a labor extensive experiment because they know that they can have help for it" (Participant 35). It was noted, however, that this approach may be less feasible in smaller groups.

Share data outside the lab {#sec029}
--------------------------

Some exemplars (21%) discussed sharing their data or findings outside their lab early and throughout the research process. Exemplars felt this transparency promotes accountability, reproducibility, rigor, and, overall, advances science. Critique from other investigators on emerging findings could be obtained by presenting at conferences, or by seeking out the input of other investigators. Sometimes this latter strategy includes inviting outside collaborators to join their projects. One exemplar described this practice as follows:

> ...show the data to others and get feedback from people who may be naïve so that we can get a fresh and unbiased perspective, because if you're only talking to people in your group you can get a bit myopic...it's essential to take your findings outside of the group, ideally when they're still in their preliminary stages so you can get feedback as the work is developing....
>
> (Participant 46)

Sharing also included submitting data or methods to repositories, as one exemplar described:

> ...you have to get your data onto some kind of data repository and have it well explained enough that other people can understand what it is and make use of it...that even goes to code...everything you do is potentially retrievable and can be checked. It adds a burden to us, but I think it's really a good thing, and it really kind of increases the value of the work if you can document everything and put everything out there...
>
> (Participant 16)

Report findings completely and accurately {#sec030}
-----------------------------------------

Another practice shared by 17% of the exemplars was to ensure as much certainty in findings as possible before publication. This included, at times, explicitly ensuring they did not rush to publication. As one noted, "...we are careful not to talk about our results until we have confidence in them...I tend to be conservative in not publishing too quickly...we're telling a story in each paper, and is the story really clear?" (Participant 21). They also discussed that it is essential to report all findings completely and precisely.

Advance compliance through audits {#sec031}
---------------------------------

Finally, 17% of the exemplars mentioned using compliance audits to their advantage as an opportunity to increase awareness in their group and improve practices. Some referred to required audits, and specifically included everyone in the lab. One exemplar stated: "...we've had audits and I've had everybody be part of the audit because we don't have anything to hide, although obviously there may be some questions" (Participants 4). Others used internal audits conducted on a regular basis by their team to identify areas for improvement in their processes.

Discussion {#sec032}
==========

We found the research exemplars create an open, transparent environment to foster the highest quality research. Their research teams openly discuss problems, scrutinize their data, methods, and findings, and work cooperatively to do sound science and ensure research compliance. The need for transparency and openness to foster reproducibility in the broader scientific community has received a great deal of attention \[[@pone.0214595.ref015], [@pone.0214595.ref041]\]. Our findings identify several concrete strategies used by highly successful researchers for fostering openness and transparency as they lead their teams. It is important to note that not all exemplars mentioned every practice and specific applications of the practices may vary by context (e.g., type of research or number of personnel). However, several critical practices clearly emerged.

At the core of creating and maintaining an exemplary environment was regular, open communication in team meetings, along with frequent interaction between PIs and team members. These dyadic interactions include the PI actively offering guidance and feedback as an engaged mentor and supervisor, as well as team members actively approaching the PI. This latter form of interaction requires that team members find the PI approachable and accessible. The exemplars were both physically present in their labs, and they allowed people to feel psychologically safe to disclose mistakes and problems.

Psychological safety exists in a work group when people feel they can speak up and share ideas, ask questions, state concerns, or disclose mistakes without fear of penalization or people thinking less of them \[[@pone.0214595.ref042], [@pone.0214595.ref043]\]. Mutual trust and respect characterize psychologically safe environments, and psychological safety is linked with workplace engagement, creativity, high performance, learning, safety, and ethical behavior \[[@pone.0214595.ref044]--[@pone.0214595.ref046]\]. Exemplars emphasized the need to be open to findings that do not support their hypotheses, and the need to respond evenhandedly to mistakes. More broadly, exemplars fostered a collaborative spirit among their team members.

Another important practice was encouraging shared ownership and decision-making in their teams. This "collective" approach to leadership draws on the skills and expertise of team members to ensure effectiveness, rather than concentrating authority exclusively with one individual \[[@pone.0214595.ref047], [@pone.0214595.ref048]\]. For example, some exemplars relied on compliance "officers" in their groups to help ensure adherence to rules and procedures. More broadly, they set a positive tone about compliance and encouraged everyone to recognize their personal responsibility for compliance. We also found that exemplars placed great emphasis on scrutinizing data and findings. By explicitly communicating their values and expectations, exemplars could intentionally establish a workgroup environment in which people share assumptions about responsible and desired approaches to going about the work \[[@pone.0214595.ref021], [@pone.0214595.ref049]\].

Not surprisingly, ensuring that research personnel have the skills to execute tasks competently was among the top practices. We heard of the importance of being intentional and systematic about training, ensuring an individual has demonstrated competence and reliability. The implementation of SOPs was another strategy for managing effectiveness and consistency of high-stakes tasks. A collective model of leadership requires drawing on the unique skills and expertise within the group, but of course, this does not obviate the accountability of a central leader to ensure effective functioning of the group \[[@pone.0214595.ref048]\]. Thus, PIs must identify the talents of others, develop skills where needed, and empower properly trained team members to take on increasing responsibility.

The final set of practices relayed by exemplars complements the foregoing practices. Exemplars described the need to ensure excellent study design, verification of findings, meticulous documentation, proper data management, sharing of data, and precise reporting of findings. This set of recommendations reiterates a key principle for responsible research and data management, namely meticulousness in all stages of the research, from study design and planning to data collection, storage, and sharing \[[@pone.0214595.ref050], [@pone.0214595.ref051]\]. While the precise implementation of such practices varies by type of research, the key "quality assurance" principle urges investigators to produce, process, and report on data within a set of defined, controlled conditions \[[@pone.0214595.ref052]--[@pone.0214595.ref054]\]. We anticipate increasing focus on data sharing practices, wherein investigators are called on to implement practices that enhance the discoverability and usability of their data for the broader scientific community \[[@pone.0214595.ref055]\].

We anticipated management behaviors---those task-oriented practices that structure the operations of a research lab and provide personnel with direction and clarity in expectations---to be especially important for rigor and compliance. Indeed, many of the practices shared by exemplars are "classic" management activities---facilitating meetings, providing supervision, training personnel, structuring and standardizing procedures. However, interpersonal relationships and communication were at the core of most of these activities. We learned about "partnership," "harmony," "respect," and "trust" among team members being central to high-quality research. Exemplars carry out their management activities in a way that engenders engagement and cooperative teamwork. They were mindful of the critical importance of interpersonal dynamics and positive team relationships in their labs and how these interactions support good science \[[@pone.0214595.ref056]\]. We also learned of the intentionality behind the broader culture that was developed within their teams.

Overall, our findings align well with contemporary models of leadership that assert effective leadership may not reside within any one person, but it is a function of effective information exchange, shared decision-making, and problem-solving in a collaborative manner that capitalizes on the expertise and skills with the team \[[@pone.0214595.ref048]\]. However, for maximal effectiveness, a PI must build the right team, develop talent within the team, clarify the mission, establish positive team interactions, and ensure opportunities for open communication \[[@pone.0214595.ref021], [@pone.0214595.ref048]\].

Our findings are also consistent with key recommendations for responsible mentoring which emphasize that a mentor should serve as a role model of high standards and ensure proper training in research practices and research integrity \[[@pone.0214595.ref005], [@pone.0214595.ref057]\]. Specifically, these recommendations state that mentors must communicate the importance of responsible research practices, meet regularly with trainees and personnel, review data and work for accuracy, and provide SOPs for research operations \[[@pone.0214595.ref050], [@pone.0214595.ref057]\]. Effective mentor-mentee relationships require mutual trust and respect, and mentors are expected to offer support and encouragement \[[@pone.0214595.ref057]\]. It has also been noted that explicitly articulating the values underlying practices in the research group is important for conveying and clarifying the standards for responsible research and reduces misunderstandings about expected behaviors \[[@pone.0214595.ref058]\]. However, while mentoring is an important lens through which to view the role and responsibilities of an effective PI, it is an incomplete one. A broader understanding of the responsibilities of PIs must take into account their role in establishing a thriving work environment and facilitating effective collaboration among team members.

Implications for training {#sec033}
-------------------------

Establishing management systems and structures requires time and intentionality on the part of PIs when they establish their labs. Early-career researchers need guidance in this regard \[[@pone.0214595.ref019], [@pone.0214595.ref059]\]. This guidance may be especially important as they likely feel pressure for immediate research productivity relative to taking time to establish workgroup structures. It is inefficient for every researcher to start up a lab and recreate organizational structures and processes, often learning solely by trial and error \[[@pone.0214595.ref019]\]. A set of best practices for lab start-ups would facilitate establishment of sound procedures. Practical information, such as templates for developing protocols, lab manuals, or meeting agendas, could be provided to investigators to encourage them to adopt practices that facilitate research excellence, or simply to streamline their startup.

Investigator leadership training should also provide guidance in how leadership behaviors form a workplace culture, along with how to establish good dynamics among members of a team. Our findings suggest that researchers need outstanding communication and interpersonal skills. The team-oriented nature of contemporary research \[[@pone.0214595.ref013]\] and the importance of high-quality interactions for responsible research suggest the need for researchers to learn about these human dynamics alongside scientific methods. Again, we expect practical guidance to be particularly valuable; for example, brief, structured guides for starting conversations about values and expectations or about integrity in research. It may also be necessary to provide strategies for navigating personal challenges and pressures, such as tools for time and stress management. The ability to successfully navigate professional challenges, make prudent decisions, and effectively lead others, rely, at least in part, on the ability to manage personal pressures \[[@pone.0214595.ref036]\].

We also think that approaching such training programs in a comprehensive manner---framing them as fostering excellence in research---will be most attractive to investigators. Specifically, programs should communicate that rigorous, high-quality research, regulatory compliance, ethical research, mentoring behaviors, and interpersonal dynamics are intersecting domains with cross-cutting leadership skills and responsibilities. For example, fostering respectful workplace relationships and a positive team culture are central to all these ends. Additionally, having the right set of management structures and the right culture allows a leader to free up time and energy to focus on other highly valued tasks, like grant writing and strategic planning.

At present, education in the responsible conduct of research (RCR) serves as a key method to encourage researchers in the training stages of their careers to adopt responsible practices and values that support ethics in research. Importantly, not all junior faculty researchers are required to receive RCR education at that career stage (i.e., not all are "NIH-funded trainees", for instance, on a career development award). However, training is needed when making the transition from doing research inside another investigator's group to leading one's own research team. Rather than describing this training as "RCR education," it may be more effective to refer to it as "leadership development." There are some existing programs in mentoring skills and lab management \[[@pone.0214595.ref059], [@pone.0214595.ref060]\], but such programs generally remain optional.

Within existing RCR education that tends to reach graduate students and post-doctoral researchers, trainees should learn about the role of the work group environment and interpersonal dynamics in responsible research. Research trainees may not be able to overtly influence the research environments in which they work, but they may be able to influence them in subtle ways. Furthermore, all trainees could be encouraged to actively consider the practices they are exposed to and whether they might be ideal, or less than ideal, to adopt in the future. Finally, all trainees could benefit from learning interpersonal and intrapersonal skills that support effective workplace interactions \[[@pone.0214595.ref056]\].

Limitations {#sec034}
-----------

Our findings should be examined in light of potential limitations. Institutional culture may play a role in leadership practices that are viewed as effective and yield success; our findings do not speak to this issue. However, we drew investigators from a diverse set of universities and fields to increase the generalizability of our findings, but our findings do not address the role of institutional culture or differences by types of research fields. In fact, institutional culture may have influenced those who were nominated; for example, we did not receive any nominations from Ivy League institutions. Additionally, we report on the practices the exemplars described employing. However, it is possible that some of their responses reflected their intentions more than their actual practices. Yet, their remarks still reflect those practices they view as ideals.

Additionally, we attempted to verify to the extent possible that the participants met the inclusion criteria of professionalism and integrity. However, this was not possible to establish with complete certainty. Our approach included receiving at least two recommendations for each individual, and the nominators and endorsers knew the researchers for many years. It is also of note that many exemplars freely remarked about their own shortcomings and challenges; thus, it appears they were introspective and open with us. However, in future work, it may be ideal to also speak with individuals working inside the research teams of investigators to gain their perspectives. Research examining their perceptions of psychological safety, for example, would be valuable.

Additionally, our call for nominations indicated that we would consider nominees in any career stage, but the investigators included in our final cohort were senior (i.e., associate or full faculty rank). This is a strength in that we obtained the views of highly experienced individuals but a limitation in that they had already experienced the challenges and pressures faced by junior faculty. Future work might focus on understanding the specific challenges and pressures faced by individuals earlier in their careers. Relatedly, the well-established investigators likely had greater resources and staffing relative to those earlier in their careers; this may influence the leadership dynamics in their groups. Nonetheless, we think that the practices reported by exemplars can be applied in any research group. Training programs could help investigators understand nuances in adopting practices with different types of staffing or resources.

Overall, we think that the practices of this cohort of exemplars are noteworthy because of their diversity in types of research and institutions, and the rigorous process we used to obtain the sample. We sought an outstanding group for our interviews, those whom colleagues viewed as exemplary on two criteria: excellence in science and integrity and professionalism. Our process required each individual to receive a nomination and endorsement, and the nominees were reviewed by a panel of researchers. The high reviews given by the panel suggest our process generated the high-caliber group we sought. After talking with them, we found strong patterns in their responses. Moreover, we had a sizable sample for a qualitative interview study. Often samples of 30 \[[@pone.0214595.ref061]\] or even 12 \[[@pone.0214595.ref062]\] are viewed as sufficient to identify common themes in a study of this kind. Moreover, many practices identified in this study are those absent in the labs of researchers referred for lapses in research compliance and integrity \[[@pone.0214595.ref063]\], suggesting their importance.

Conclusion {#sec035}
==========

We identified practices, along with specific strategies, employed by successful PIs for leading their research labs. The scientific community would benefit from greater awareness of the role of leadership and management in performing research. We recommend additional research and the development of evidence-based educational interventions to meet the needs of investigators.
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###### Interview guide.

The full semi-structured interview guide (lightly edited for length). The themes reported in this manuscript arose primarily in response to questions 7 and 9. However, rigor and compliance-related responses emerged throughout the interview and were coded accordingly.
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###### Coding scheme.

The full project coding scheme demonstrating the parent code categories and the specific child codes (coders also had definitions, examples, and rules to guide application of the codes). This report describes the codes under *Research Operations Practices* and *Relational and Self-Management Practices* that linked to the outcome codes *Rigor* and *Compliance*.
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